Summary.
To The chronological development of different cell types in the fetal adenohypophysis in rats has been studied by immunohistochemistry (SETALO and NAKANE, 1972, 1976;  containing cells were the first to appear on day 15.5 of gestation, followed by the appearance of other sorts of cells. of the adenohypophysis in a certain chronological order (WATANABE and DAIKOKU, 1979) . This finding seems to suggest that in the adenohypophysis the appearance of different kinds of cells might be induced by the respective hypothalamic neurohormones, which were produced in the distinct hypothalamic areas and transported to the discrete adenohypophysial area via the corresponding portal vessels. In adult rats, it has been shown that a given portal vessel supplied blood to a discrete portion of the pars distalis (ADAMS et al., 1964) . Several authors have emphasized inductive effects of the hypothalamic neurohormones on the differentiation of the adenohypophysial cells (FINK and SMITH, 1971; HALASZ et al., 1972; ISHIKAWA et al., 1977; CHIAPPA and FINK, 1977) . Therefore, it seems to be needed to clarify the chronological and topographical relations between the portal system and the cytogenesis of adenohypophysial cells in the ontogenetic process of rats.
MATERIALS AND METHODS
Sprague-Dawley rats were used. Female rats mated overnight were examined vaginal smear in the following morning and separated from males if spermatozoa were found in the smear. The morning on which spermatozoa were observed was considered as day 0.5 of gestation, since mating usually occurs between 9 and 11 p.m. in this animal colony.
A total of 49 fetuses was studied with India ink injection. Their ages, in days of gestation, being as follows (number of animals in parentheses): 14.5 (11), 15.5 (14), 16.5 (10), 17.5 (7), 18.5 (7). A total 67 fetuses was used for immunohistochemical examination: 14.5 (9), 15.5 (10), 16.5 (13), 17.5 (20), 18.5 (15) .
On the appointed days laparatomy was performed on pregnant rats under ether anesthesia.
Small incisions were made on the uterine wall and the fetuses which exposed from the uterine cavity were given a cardiac injection with India ink. The chest wall of the fetuses was opened and the heart exposed.
Under an operating microscope, using a 10ml syringe fitted with a thin glass canule, the left ventricle was injected with India ink with the help of a slow-driving motor.
The fetuses were decapitated, the heads were immersed, for one night, in Bouin fixative, and the parietal parts of the head were gently removed.
This procedure is important for preservation of the fine structure of the pituitary and surrounding tissue. After the fixation, the heads were trimmed and embedded in paraffin.
Several sections were fetuses aged 14.5 and 15.5 in day, the heads were cut parallel to the ventral surface of the tuber cinereum. The sections were slightly stained with hematoxylin alone. For immunohistochemical staining, the mothers were sacrificed by decapitation and the fetuses were removed. After removing the brain, the heads of fetuses were cut and immersed in cold Bouin fixative for 4hr. Thus the pituitaries were exposed to the fixative in situ.
The pituitaries, with a part of the sphenoid bone or with a in the coronal plane from the posterior end of the pituitary because adjustment of the coronal plane is most easily and accurately achieved in this approach. Every 5th section was mounted and stained, following the method of STERNBERGER et al.
anti-pACTH serum, the antisera used in the present study were kindly supplied by Dr. PARLOW. The anti-pACTH1-39 was generated in rabbits immunized by a bovine serum albumin (BSA)-pACTH1-39 (Sigma, R.5) conjugate according to REICHLIN et al. (1968) . As a control procedure, normal rabbit serum was applied instead of a given antiserum.
To absorb the antibody in the serum, anti-pACTH1-39 serum was incubated with 1mg antigen/1ml
anti-ACTH serum with a dilution of 1:500 for 48hr at nonspecific binding of the anti-rabbit IgG or PAP (peroxidase-anti-peroxidase complex) and the substrate itself also gave negative results.
glass knife were stained with two different anti-sera and examined. Additional sections were stained with PAS (PEARSE, 1968) .
RESULTS
Day 14.5 of gestation.
The pituitary primordium appears as a deep diverticulum (Rathke's pouch) protruded from the posterior part of the roof of the oral cavity. The apical portion of the pouch comes into contact with the ventral wall of the anterior brain vesicle, where the infundibular process extends caudally to the dorsal wall of the pouch (Fig. 1a ). Rathke's pouch consists of proliferating, uniformly cylindrical cells arranged in several rows. The cytoplasm of the cells is stained positively with PAS staining.
From the basal portion of the anterior wall of the pouch, a tongue-like process is evident.
This process is the Atwell's process, which develops thereafter as the pars tuberalis and extends anterodorsally embracing a recess (Atwell) filled with a vascularized mesenchymal tissue (Fig. 1a, c) .
The pouch is surrounded by a periglandular capillary net which associates with neighboring vascular systems: one of the routes of this association is the vascular plexus in the oral roof and the other the cavernous sinus at the lateral and posterior sides of the pouch. The Atwell's recess receives a pair of fine branches from the internal carotid arteries and the primitive portal vessels from the subtuberal plexus (Fig. 1) . Those blood vessels anastomose within the recess. In the basal portion of the pouch, the periglandular capillaries indicate a shallow penetration into the glandular tissue. At this stage of development, no immunoreactive cells are evident. Day 15.5 of gestation. The pituitary gland is vesicular in shape and the lumen of the pouch is compressed dorso-ventrally and cleft-like. Atwell's process extends from the medial portion of the antero-ventral wall of the pouch and further approaches the primordial median eminence (Fig. 2a) . The Atwell's recess becomes more narrow but includes loose vascular meshworks associated with the subtuberal capillary plexus through the intermediation of the primary portal vessels (Fig. 2a, b) . The vascular meshworks posteriorly sprout short branches into the glandular tissue of the anterior wall of the pouch (Fig. 2a, b) . Most of the penetrating capillaries seem to terminate in the medial portion of the anterior wall of the pouch showing a dilation packed with blood corpuscles (Fig. 2b) . These appearances suggest that the penetrating capillaries still have no anastomosis with periglandular vasculature. However, at the ventral area of the lateral wings of the pars distalis, one or two periglandular capillaries pass antero-posteriorly through the glandular tissue.
In the ventral area of the middle portion of the pars distalis, from where the Atwell's process protrudes, a few cells react with the anti-pACTH1-39 serum. They are small in size and long oval or spherical in shape indicating the cytoplasm with various amounts of the immunoreactive granules (Fig. 3a, b) . Almost all of them appear separately and are adjacent to the ventral surface of the pars distalis (Fig. 5) . On occasion, the cells abut on the entering periglandular capillaries. Day 16.5 of gestation. The pituitary now acquires a more definitive shape, with its largest extension in the lateral direction in the frontal plane. The pars distalis increases in volume and the Atwell's recess becomes narrow but still evident. The Atwell's process extends considerably beneath the median eminence, forming more definitively the pars tuberalis.
Most of the parenchymal cells consisting of the pars tuberalis are PAS positive. Pars distalis consists of numerous cell cords and columna and shows a considerable amount of sinusoidal capillaries sprouting from the Atwell's recess (Fig. 4a, b) . Some of the intraglandular sinusoids seem to be anastomosed with the periglandular vascular system, since the terminal dilations of the sinusoids described in the previous stage are largely disappeared (Fig. 4b) . a. Neural process (P), Rathke's pouch (R) and Atwell's process (AP) are shown in the midsagittal section. A blood vessel penetrating from the Atwell's recess to the anterior wall of the pouch is shown (arrow). b. A section cut along the ventral surface of the tuber cinereum. The intraglandular sinusoids penetrating from the Atwell's recess into the anterior wall of the pouch are shown. Terminal dilations of the sinusoids may be noted (arrowheads). Preinfundibular division of the subtuberal capillary plexus (Plx) sends the primitive portal vessels into the Atwell's recess. ic Internal carotid artery with a branch ex- the ventral area but also in the central area of the pars distalis (Fig. 5) . Those cells are oval or spindle in shape and the cytoplasm is filled with fine immunoreactive granules (Fig. 3c, d) . Most of the cells are in the periphery of the cellular cords of the glandular tissue, but very occasional one abuts on the sinusoidal capillaries. In two serial sections it has been shown that the cells reactive to anti-rTSH serum corrTSH serum positive cells.
ACTH cells become numerous but are widely scattered from where they first appeared. Gonadotropic cells are not evident. The pituitary increases in volume and acquires more its definitive form (Fig. 6a) . The Atwell's recess is no longer evident, and the pars tuberalis appears in a cell sheet under the median eminence.
In the pars tuberalis, some of the cells are stained with PAS reagents but not with the immunostaining applied here. The development of the preinfundibular division of the subtuberal capillary network seems to be more prominent than that of the postinfundibular division (Fig.  6a, c) . Several portal veins originating from the preinfundibular division of the subtuberal plexus run antero-posteriorly through the pars tuberalis (Fig. 6a, b ) and the pial sheet between the median eminence and the pars tuberalis entering into the adenohypophysis.
Thus the pars tuberalis acquires a blood supply from the subtuberal plexus. In the pars distalis, the sinusoidal capillaries divide into the cellular cords forming a dense network, associated with the extraglandular venous system at the lateral and posterior ends of the pituitary.
Therefore, it is evident that a more definitive organization of the portal system is acquired at this period.
In the antero-ventral area of the pars distalis, which substantially continues to sera. They are oval in shape and appear to be scattering in the ventral area of the pars distalis ( Day 18.5 of gestation. The definitive shape of the pituitary gland can now be observed. The cellular arrangement in the pars distalis has become more dense and the intraglandular sinusoidal meshworks become more conspicuous surrounding the cellular trabeculae on all sides. Therefore, most of the immunoreactive cells appear abutting on the sinusoidal capillaries.
ACTH, TSH and LH cells increase in number but FSH cells are still not evident.
ACTH cells rather spread through the pars distalis but accumulate mostly at the middle portion of it. LH gonadotrophs occur still accmulating in the ventral area of the anterior half of the pars distalis, while TSH cells are predominant in the posterior half of the pars distalis but spread over its dorsal portion.
DISCUSSION
Using rat fetuses, the present investigation shows the chronological and topographical relations between the portal system and some of adenohypophysial cells in early ontogenetic development.
Development of the pituitary vascularization.
The pituitary vascularization consists of the hypophysial arteries and the portal vessels.
In the early development of the vascular supply to the hypophysis in rats, however, only a few works are available (GLYDON, 1957; NEGM, 1971) . As to the vascular supply of the Rathke's pouch, the periglandular capillaries and the sinusoidal capillaries (primitive portal veins) originating from the subtuberal capillary plexus are considered. The latter vessels develop to transport hypothalamic neurohormones to the anterior pituitary.
In the present study, a pair of arterial branches sprouted directly from each of the internal carotid arteries were evident on day 14.5 of gestation.
These direct arterial branches entered the Atwell's recess and anastomosed there with the primitive portal veins. The same observation has been reported in fetal rabbits (TERNEBY, 1972) . In rats, however, NEGM (1971) has described them as the branches of the anterior hypophysial arteries.
Vascular sprouting originating from the Atwell's recess penetrated into the anterior wall of the Rathke's pouch showing the terminal dilations on day 15.5. On day 16.5, they appeared to conjoin with the periglandular capillaries.
This was confirmed by the disappearance of the terminal dilations of the penetrating capillaries. This finding is the first to show that the portal circulation in the adenohypophysis begins on day 16.5 of gestation in rats.
Cytogenesis. Immunohistochemical studies on the chronological cytogenesis of the adenohypophysis have been made in rats (SETALO and NAKANE, 1972, 1976; SETALO et al., 1976; TOUGARD et al., 1977; CHATELAIN et al., 1979; WATANABE and DAIKOKU, 1979) , in mice (GROSS and BAKER, 1979) and in human fetuses (BAKER and JAFFE, 1975; BUGNON et al., 1977; DUBOIS et al., 1978) . However, very little attention has been payed on the topographical distribution of the differentiating cells (BAKER and JAFFE, 1975; DUBOIS et al., 1978; GROSS and BAKER, 1979) . In rats it has been shown that ACTH cells were first found in the ventro-medial portion of the pituitary on day 15.5 of gestation, TSH cells appeared in the posterior half of the pituitary on day 16.5, and LH cells were revealed one day later in a narrow ventral area in the anteromedial portion of the pituitary (WATANABE and DAIKOKU, 1979 Roles of the developing hypothalamus and the portal vessels. It has been repeatedly stated that hypothalamic neurohormones may induce cytogenesis in the pituitary (FINK and SMITH, 1971; HALASZ et al., 1972; CHIAPPA and FINK, 1977; GROSS and BAKER, 1979) . It should be considered whether the corresponding neurohormone appears faster than a given hypophysial hormone-containing cells, and how the neurohormone be transported to the corresponding target cells in the adenohypophysis.
In mouse fetuses, DEARDEN and HOLMES (1976) suggested that differentiation of the adenohypophysial cells may be dependent on the vascularization in the pars distalis. This assumption has been proposed basing on a finding that PAS-positive cells were first observed simultaneously with the appearance of the intraglandular vasculature of the pars distalis.
However, PAS-positive cells appeared on day 14.5 of gestation in the present study. In the present findings, it has been shown that the first differentiation of the adenohypophysial cells takes place in the ventral area of the pars distalis on day 15.5, where the vasculature is lacking. Therefore, ACTH cells which were the first to differentiate did not appear to be associating with the sinusoidal capillaries.
The intraglandular vasculature of the portal system extends thereafter through the adenohypophysis and conjoins with the extraglandular venous system. This means that the portal vessels are capable to transport the hypothalamic neurohormones to the adenohypophysis from day 16.5 of gestation in rats. At this stage TSH cells appeared in the posterior portion of the pars distalis but did not show intimate association with sinusoids.
Data are not available on the development of CRF and TRH in the median eminence in rats.
Several evidences, however, have shown that LHRH appears after day 20.5 (DAIKOKU et al., 1978; WATANABE, 1980) . The intraglandular sinusoidal networks appeared over the glandular tissue of the hypophysis except the pars intermedia on day 17.5 when LH cells appeared in a narrow ventral area of the anterior part of the pituitary: only occasional cells were found to be abutted on the sinusoids.
Pars tuberalis adjacent to the hypothalamus has received portal vessels after day 17.5 but did not show the immunoreactive cells studied here.
In our department, it has been reported that cultured pituitary cells taken from rat fetuses on day 12.5 of gestation were able to differentiate without the hypothalamic factors (WATANABE and DAIKOKU, 1976) . In a recent study, CHATELA N et al. (1979) have proposed that the development of ACTH, MSH, GH, LPH and prolactin cells does not require the presence of the fetal hypothalamus or other nervous system in rats. WENGER and NEMESKERY (1979) also stated that LHRH is not necessary for the differentiation of the first anti-LH positive cells. Thus, it is probable that the portal blood supply, which might contain hypothalamic neurohormones, do not play any essential role for cytogenesis of the adenohypophysial cells studied in this study.
